T IS standard practice in California to sow presoaked rice seed from the air into about 6 inches of water and to keep the fields flooded to this depth until the crop is near maturity. Where the aerial sowing of presoaked seed is practiced in the southern U.S., it is considered necessary, at least on some soils, to drain the water from the fields soon after sowing to get satisfactory stands. In British Guiana good stands of rice are obtained by broadcasting pregerminated seed into water. The fields may be drained depending on the weather and the degree of water control available. However, for optimum seedling establishment, the draining of the fields after sowing is regarded as necessary to avoid loss of seedlings by floating and drifting.
During recent years, attempts to establish the wet season rice crop by this method in North Australia have been unsuccessful. In this region the temperature of the water in fields flooded to a depth of 6 inches many range from 28 to 40° C. for long periods at seeding time. In view of these different experiences, studies were initiated to determine the effect of water temperature on early seedling growth and establishment in relation to seedling population and dissolved oxygen depletion. These studies were conducted in the laboratory at Davis, California, during the summer of 1961. using open static soil-water cultures.
REVIEW OF LITERATURE
Jones (5) stated that in 'California it was difficult to obtain good stands of rice by germination under water in the late spring. He concluded from seeding studies in oxygenated and nonoxygenated pot cultures, that poor seedling establishment in the field was probably due to a shortage of dissolved oxygen at the higher temperatures. In Malaya, Dore and Thevan (4) found that the germination of rice was reduced under stagnant water as compared with running water in a pot culture study. Cannon (3) found that when oxygen content of the soil atmosphere was low root elongation was determined by the rate of oxygen supply rather than by the actual partial pressure of oxygen.
Yokoi (i6)observed that the plumule always developed before the radicle when rice seed was germinated in water. Differential development of the shoot and root has since been noted by many workers and found to be influenced by the oxygen content in the environment of the seed (5, 6, 8, 9, 11, 12, 13, 14) . Reducing the partial pressure of oxygen below that of air stimulated the development of the shoot and depressed that of the root (14). However in the experiments of Taylor (13) and Ranson and Parija (11), it was the coleoptile which showed increased elongation at low oxygen partial pressures while the plumule was retarded. Root growth was inhibited more than shoot growth at low oxygen levels emergence through the water in continuously flooded culture have longer shoots and shorter roots than similar plants growing in unflooded culture.
Akemine (1) studied the effect of temperature on the germination of rice seeds in air and under water. He concluded that the maximum temperature for germination was 40° C. with the optimum in the range 30 to 35° C. Of the seeds under water at 40°C
., 97% had developed shoots after 10 days, and 45% showed primary root growth. The average shoot and root lengths were 40 and 6 ram., respectively, and secondary roots were absent. Seeds on filter paper in air at the same temperature failed to germinate. Ormrod (10) reported that the respiration rate of germinating seedlings in air was markedly depressed at temperatures in the range 40 to 50° C. Maximum cell division in the primary root tip occurs at 25° C. according to Yamakawa and Kishikawa (15) . Above this temperature, cell division decreased rapidly and ceased altogether at 40° C. Maximum root elongation occurred at 30° C.
EXPERIMENTAL PROCEDURE
Clear glass containers, 121/2 cm. in diameter and about 18 cm. deep, were partially filled with 200 g. of air-dried Stockton clay soil. To each container 1.5 liters of irrigation canal water was carefully added by siphon to avoid dispersal of fine clay particles. The depth of water was 111/2 cm. The containers were immersed to the water-line in a constant temperature water bath and periods ranging from 5 hours to overnight were allowed for temperature equilibration.
Rice seeds, of the variety Caloro, which had been soaked in water at room temperature (about 22° C.) until the plumule had just begun to emerge, were sown on the surface of the soil in the containers. The populations used were 0, 10, 20, 30, 40, 50, and 60 germinating seeds per pot. Fifteen seeds per pot is equivalent to field seeding rates of about 200 pounds per acre. Seedling populations were replicated 3 times in a randomized block design. Water temperatures of 20, 25, 30, 35 , and 40° C. were run in series.
A sample of water was taken from each pot immediately after sowing and subsequently at 12-hour intervals for polarographic determination of dissolved oxygen according to the following procedure. The collection tube, which had a total volume of 17 ml. served as the polarographic cell and contained the mercury anode pool. Sufficient water was run from the pot by means of a glass siphon (inlet about 2 cm. above soil surface) to give 3 complete volume displacements. The tube was then carefully stoppered with a paraffin-treated rubber stopper containing a 19-gauge hypodermic needle. The water in the pot was brought up to constant level by siphoning from a flask kept in the water bath.
The water samples were injected with 0.05 ml. of concentrated KCI by means of a hypodermic syringe to give a 0.01 M solution. The readings were corrected to 20° C. and the corresponding dissolved oxygen values in ppm by weight were read from a calibration curve previously prepared and standardized against the Winkler method (Porneroy-Kirschman-Alsterberg Modification) (2).
The seedlings were provided with about 1000 f.-c. of fluorescent Iight for 12 hours daily. At each temperature sampling was discontinued at "first seedling emergence" i.e. when the tip of one seedling in any treatment emerged from the water. Measurements were then made of root and shoot length of 10 seedlings per container. At 35° C., where seedling decomposition occurred, measurements were taken from the higher populations when growth had ceased. Figure 1 shows the effect of plant density on dissolved oxygen from time of sowing until first seedling emergence at 25° C. After 24 hours dissolved oxygen in populations of 10 and 20 seedlings per pot had decreased sharply, but during the following 3 days the level remained nearly con-
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